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Fuel cells use hydrogen and oxygen
1o create a reaction that produces
electricity to run the engine. Water
vapor is the primary emission.

FIG. 2.21 Fuel cell (a) components; (b) basic

construction.
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Air compressor pumps
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FIG. 2.22 Hydrogen fuel-cell
automobile.



p = CM-Q/ft at T=20°C (829 A &’d(resistivity))
R=p— [ = feet
A = area in circular mils (CM)
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FIG. 3.16 FPotentiometer. (a) symbol; (b) and (c) rheostat connections; (d) rheostat
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B 25 HF(Ohm's law)
» AHE) = AFDl vldlst, vl#EdT= A HR)ol ).

E A (AHAY [V]
E=1-R I: "% [A] (P=%,R=§5
R AT (2]

=109 AZR)GFEe 1Ve] AHE)e] I7beE Aoz 1A9] AFD7F st

11

+ + + - - +
E = R g v —0—AMA—o0— —o—AMA—o—
a R / R

- /

(a) (b)

FIG. 4.2 Basiccircuit FIG. 4.3 Defining polarities.

I (amperes)

o
R=

l
T
10
|

FIG. 4.7 Demonstratingon an |-V
4 plotthat the lowerthe resistance, the
. / steeperisthe slope.

/ e

/ R=101}

1

0 5 10 15 20 25 0\

B A3 (Power)
+ (P )2 BHAIE A=st= of[|A|(W )o]T.

P= TW (watts, W £+ joules/second, J/s)
« AP ) F719 3
_ 14 )
P=V-1I |(watts, W) PZ?' P=IR
_ v R 4
P = 7 () I= 7
P =IR () V=IR
B ol A (Energy)
¢ ouRlE AIRE £59F A B(P oItk
W=P-t (wattseconds, Ws %= joules)




B 338 dc3 = (series dc circuits)
m X1 X5} (series resistor)
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N7je] Agrgol A ARE NS i AAA
© TRy

Rp=R + Ry+ Ry + -

Ry

Ry ) g
——Pe—o—le—o—Phie—o—,
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o)) AR A& R,= 1002+ 3002+ 10002 = 1400
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FIG.5.11

Using an ohmmeter to measure the total resistance of a series circuit.

b b
|
(a) (b)
FIG.5.13
Resistance “seen’” at the terminals of a series circuit.
m AlH 3]2 (serial circuits)
+V - + V5 = + V3 —
b R, I, R; 1, R,
( M MW————WW I
Ry 100 300 100 2 K
+
E =84V
A
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FIG. 5.12

Schematic representation for a dc series circuit
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Vi=RI, = V,=102X60mA=0.6V
Vo=Ry1, = V,=3002X60mA=18V
Vo=Rl, = V,=10002X60mA=6.0V
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FIG. 5.19
Liying volimeters 1o measure the voliapes acrass the resistors in Fig. 5,12,
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FIG. 520
Measuring the current throughout the series circuit in Fig. 512
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Py=P, + P, +P,

3

Pp=I W+ LV, + [V =L (Vi + V,+ V}) = LE

P,
"_"-.\

Ay Ay Ay
I R, R, R,
¥
Py T E
=+
FIG. 521
Power disiribution in a series circufl.

EXAMPLE 5.7 For the series circuit in Fig. 5.22 (all standard values):

Pg,

+¥, - + ¥ - Pa
I, R?/ A

a. Determine the total resistance Rp R
b. Calculate the current [, r' Ay Ay Py
. . 3
c. Determine the voltage across each resistor. P 1 k02 1ki) /
d. Find the power supplied by the battery. E\ . B L +
e. Determine the power dissipated by each resistor. =%V R: gg K Vs
f. Comment on whether the total power supplied equals the total power = =
dissipated.
Solutions: =
a Rr=R, + R, +R; FIG. 522
=1k} + 3k + 2Kk} Series circuit to be investigated in Example 5.7.
Ry=6 kil
36V
b. J'_,=£= o = HhmA
Ry 6k
c Vi=LR=LR =6mA)lk) =6V
Vi=LR: = LR =(6mA)3ki}) = 18V
Vi=LR:; = LR =(6mA)2 ki}) =12V
d Pp= El, = (36 V){6 mA) = 216 mW
e, Py =WV, ={6V)[6 mA) = 36 mW
P, = 3R, = (6 mA )3 kf}) = 108 mW
VE (12W)
=—=——="T2mW
*TR O 2kD "
f. PE — PRI + PR; + PR,

216 mW = 36 mW + 108 mW + 72 mW = 216 mW  {checks)
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n AlE ALY (voltage sources in series)
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FIG.5.23

Reducing series de voltage sources to a single source.

|23 XAHA (Kirchhoff's voltage law: KVL)

m 7]253]|3%
>4 2 (closed path)o] @& FAS9] $H2 Fo|gf.
2,:;1’ =0 (Kirchhoft’s voltage law in symbolic form)
o !
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%
+ / \ +
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— [ xvL | Ry Z V, 1 2
=L | == z
= (E=V+V,)
L
d i
FIG.5.26
Applying Kirchhoff's voltage law to a series dc
circuit.
+ Vi =
e}
J oL
Bv= "y =S¥
ki '\‘ / -+
a p +25V -V + 15V =0
Ay Vi=40V
"\ 2 .f: Vi
. —V,— 20V =0
_||||_5 V=20V
="+
20V
FIG. 5.29

Combination of voltage sources to be examined in
Example 5.11).

_12_



AF3| 20|49 ALY (voltage division in serial circuits)

Ao 2o AY ZF Do A2 AY Z7]o] ofsf Fufdt.

Vy=FE i
BT R 4R, + R,
V,=FE A
B R+ Ry + R,

R3
Vy=FE

s "R +R,*R,

=]
= T

FIG. 5.33 FIG.5.34
Revealing how the voltage will divide across series The ratio of the _""’“""”"" m"”_“’-" ‘i"'*”_"””ft's the
resistive elements. voltage division of a series dc circuit.

<AHF 37)% oEAG vgo] oW MY FUA>

AABuHA] (voltage divider rule: DVR)

- AR RN AY Rr, FE Y V.

vV, = in (voltage divider rule)
Ry

e

ﬁ. R, § V|

=+ 2
E =

- +

|||—-

FIG. 5.36

Developing the voltage divider rule.
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2+ 60
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m A= WRAG

- AEIE WEATS T S U
oA A7 Al(ammeter)e] WEA O] 0
- o]AtAl ol At (voltmeter)?] WYRA L o]

o AFAS ¥3l5 7 (oading effect)

AFAZF WEAT R, S 7P o, d29 A 27100 et A/tol 2=2tAe

L AR URAgol 4e4S HRLADL e

et

L

2 ki)
< E— L
18 kf} 12V gk;-=2501’!+2kﬂ+ 18 K0} E: 1B KD
- =20.25 kil
a) (b
< oA AFAL WRAZF=0Q > < AR AR, BRAZ=250Q >

B Protoboards (Breadboards)

- Conductively
- connected
regions
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